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A B S T R A C T
Aortic isthmus atresia is an extreme form of coarctation presenting in adults and usually calls for surgical
correction. In this report, we present our initial experience with the ﬁrst four cases successfully treated
percutaneously using dedicated coronary total occlusion wires and techniques.
<Learning objective: This case series shows a technique to cross totally occluded coarctation using the
coronary chronic total occlusion technique which has not been described in the literature till date.
Further, these cases although not common are not as rare either as is evident by our experience of four
consecutive cases observed over a period of 6 years in a large tertiary care centre. The readers could
beneﬁt from applying the same principles for similar cases that they would see in their clinical practice.>
 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Aortic isthmus atresia is a rare congenital anomaly presenting
in adults with clinical features similar to coarctation of the aorta
[1,2]. Percutaneous recanalization has been attempted in a few
anecdotal cases using the stiff end of guide wires [3–5] or radio
frequency ablation [6,7]. We present our experience of four
consecutive cases attempted over the past 6 years where we
successfully recanalized using dedicated coronary total occlusion
(CTO) wires and techniques with predictable outcomes.
Case reports
Our patients were aged between 20 and 40 years at the time of
presentation with two men and two women. Clinical presentation
included hypertension in all, shortness of breath in three cases,
and lower limb claudication in one. Clinical examination revealed
weak to absent femoral pulses in all and an audible bruit in two.
All patients had the pressure gradient between upper and lower
limb varying from 60 mmHg to 120 mmHg as documented by
sphygmomanometry. Final diagnosis was made on aortography
done antegradely with pigtail catheter placed in aortic arch
through radial route showing no antegrade ﬂow and a delayed
ﬁlling of descending aorta via collateral vessels only. Simultaneous* Corresponding author at: Department of Cardiology, Sanjay Gandhi Postgraduate
Institute of Medical Sciences, Raebareli Road, Lucknow 226014, Uttar Pradesh, India.
Tel.: +91 5222494227.
E-mail addresses: golf_pgi@yahoo.co.in, pkgoel@sgpgi.ac.in (P.K. Goel).
http://dx.doi.org/10.1016/j.jccase.2014.06.003
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length of occlusion or the so-called thickness of the separating
membrane which varied from 3 to 27 mm (Fig. 1).
The patients were counselled regarding the available treatment
options including surgery as well as percutaneous aortoplasty and
we proceeded to aortoplasty after having obtained informed
consent.
The lesions were ﬁrst attempted antegradely using JR4 guiding
catheter through the radial artery route. The guiding catheter was
parked just proximal to the occlusion and the thinnest point or any
dimple observed in the antegrade stump was targeted. As in
coronary CTOs we initially probed the occlusion with a workhorse
wire like Whisper (Guidant Inc., Indianapolis, IN, USA) followed by
Miracle 3 g wire (Asahi Medical, Aichi, Japan) so as to get a tactile
feedback which is surrogate to the stiffness of obstruction and a
guide to the hardware required for the ﬁnal penetration of the
lesion. Final success could be obtained antegradely in three
patients and retrogradely in one.
The ﬁrst case was attempted in 2007 when the lesion was
ﬁnally crossed with the stiff end of a BMW wire and the distal wire
end was conﬁrmed to be in descending aorta by descending
aortograms done in two orthogonal views viz. left anterior oblique
(LAO) and right anterior oblique (RAO) (Fig. 2A). The lesion was
dilated with sequentially increasing size percutaneous translum-
inal coronary angioplasty (PTCA) balloons (Voyager, Guidant) from
1.5 mm up to 4 mm in diameter. On achieving some antegrade ﬂow
the JR4 guiding catheter was advanced across the lesion and the
wire changed to 0.03500 system and the procedure completed
retrogradely having externalized the wire through the groin using reserved.
Fig. 1.
Pre-procedure aortogram of all four cases showing the interrupted segment. (A) Case 1, (B) case 2, (C) case 3 and (D) case 4. Arrow shows the site and lengths of
interruptions.
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sequential balloon dilatations a maximum balloon size of 10 mm
was obtained against an optimal aortic diameter of 18 mm Next a
34 mm long CP stent was mounted over an 8–16 BIB (balloon in
balloon) catheter (Numed Inc., Hopkinton, NY, USA) and
deployed but it slipped out distally. A second stent of the same
size was then deployed overlapping the slipped stent and ﬁnally
a third stent was needed to cover the complete interruption
segment. There was a residual small proximal miss at the end of
the procedure but it was accepted in view of no residual
gradients (Fig. 3A).
The second case was attempted with Fielder XT wire (Asahi
Medical) initially which could not pierce through the tough
occlusive membrane and was changed to Conquest pro-9
followed by Conquest pro-12 wire (Asahi Medical). Careful
advancement of the wire resulted in sub-intimal progression as
conﬁrmed by angiograms in two orthogonal views (LAO and
RAO). This wire was then left in place and another Conquest pro-
12 wire (Asahi Medical) was advanced parallel to the initialFig. 2.
Successful crossing of the interruption with wires seen in two orthogonal view
case 3 and (D) case 4. Note conﬁrmation of intra-luminal location of the distal w
2 wherein parallel wire technique is used with both wires appearing intra-lum
(arrow). Fig. 3C speciﬁcally shows retrograde crossing with distal wire within
oblique.wire, as is done in coronary CTO parallel wire technique.
Guided by the presence of previous wire, this wire could then
be advanced distally into the true lumen (Fig. 2B). Sequential
graded balloon dilatation was done as before with ﬁnal
balloon size of 12 mm and a 34 mm long balloon expandable
CP stent. A balloon expandable 34 mm CP stent mounted over
an 8–16 mm BIB balloon (Numed) was again taken to the site
of narrowing but this also partially slipped out on meeting
resistance at the edge of the lesion and had to be deployed
just distal to the coarctation site. Two more stents were needed
as in the previous case. The ﬁnal angiographic result was,
however, excellent and the narrow waist in the deployed stent
was post-dilated with an 18-mm balloon for optimum result
(Fig. 3B).
In the third case, a multipurpose guiding catheter was
placed just distal to the obstruction in the low-pressure distal
aortic segment from the groin, both as a guide to distal vessel
location and also to provide ﬂexibility of shifting to retrograde
approach, in case the antegrade approach failed. The lesions LAO (top panel) and RAO (bottom panel) in the four cases. (A) Case 1, (B) case 2, (C)
ire as seen within the descending aortic silhouette in both views in all except case
inal in LAO but only one of them conﬁrmed intra-luminal in complimentary RAO
 aortic silhouette arch in both views. LAO, left anterior oblique; RAO, right anterior
Fig. 3.
Post-procedure aortogram of all four cases showing successful recanalization of interrupted segment with stent placement. (A) Case 1, (B) case 2, (C) case 3 and
(D) case 4. LAO, left anterior oblique.
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Medical) antegradely but the wire repeatedly went sub-intimal
and hence having left the ﬁrst wire in place, an attempt was
made with another Conquest pro-12 wire using a parallel
wire technique as in the previous case. However, this did
not work and we then resorted to retrograde crossing with
another Conquest pro-12 wire. The retrograde Conquest pro-12
wire crossed the interrupted segment and its intra-luminal
location was conﬁrmed to be within the aortic arch as seen
in the antegrade stump angiogram done in two orthogonal
planes (Fig. 2C). Graded balloon dilatation steps were repeated
as before with a maximum balloon size obtained of 16 mm
Finally a Palmaz stent 5014 mm (Cordis Inc., Bridgewater, NJ,
USA) mounted over a 16-mm diameter balloon could be
successfully deployed across the interrupted segment with
good stent placement and no residual gradient across the
isthmus (Fig. 3C).
The fourth case had a dimple seen on antegrade aortogram
(Fig. 1D) which was targeted but we could not succeed in
crossing the occlusion with even a Conquest pro-12 wire across
the dimple. The lesion could then be successfully crossed with a
Conquest pro 8-20 wire antegradely and the wire was conﬁrmed
to be in the descending aorta by descending aortic angiograms
done in two orthogonal views viz. LAO and RAO (Fig. 2D).
The further progress in the case was as before with interruption
site dilated with sequentially increasing size PTCA balloons
followed by peripheral balloon and ﬁnal single Palmaz stent
4014 mm (Cordis) deployed mounted on a 16-mm diameter
balloon (Fig. 3D). Table 1 summarizes the technical details of
all four patients.
The patients have been seen on follow-up varying from 1 to 4
years. Hypertension is controlled in all but need for medication
persists. Follow-up peak gradient across the stented segment
varied from 15 to 30 mmHg. We were able to obtain follow-upTable 1 Summary of cases of interrupted aortic arch.
Case 1 Case 2 
Aortic isthmus size (mm) 18 16 
Interruption length (mm) 4 27 
Successful wire crossing Antegrade Antegrade 
Successful wire BMW stiff end Conquest pro-12 
Technique Single wire Parallel wire 
Max. balloon size (mm) 10 12 
Stent Cp stents (3) Cp stent (15 mm  34
followed by 2 Palmaz
(4014 mm)computed tomography angiography in two patients with contin-
ued success in both and no evidence of any aneurysm formation.
Discussion
We herein present our experience in percutaneous recon-
struction of aortic isthmus atresia in adults, an entity not so
commonly seen, but presenting clinically as coarctation of aorta.
Most such cases would call for surgical correction because of the
difﬁculty in recanalizing completely interrupted segments.
Anecdotal reports involving single cases are available wherein
attempts to recanalize such complete interruptions with stiff
end of guide wires has been done in the past [3,5]. Also, there
are a couple of reports on recanalization using radio frequency
ablation intra-luminally followed by graded balloon dilatation
and stenting [6,7]. Both these techniques, however, are
somewhat unpredictable and involve a major risk of aortic
perforation/rupture if the energy is directed in the wrong
direction. A single case was described by Kusa et al. [8] with
angiographic luminal discontinuity of 1 mm where antegrade
crossing was done with 0.03500 hydrophilic Terumo wire,
possibly there being a soft membranous atresia or a patent
channel with minimal lumen which was overlooked in the
angiographic assessment in view of the ultrashort length of the
obstruction and was the reason for a hydrophilic wire alone to
go through. A report of a single case of successful aortoplasty of
near atretic coarctation using 0.01800 guide wire (Platinum Plus,
Boston Scientiﬁc, Natick, MA, USA) and subsequent deployment
of covered stent is also available [9].
We happened to use the stiff end of a wire only during the
initial part of our experience in the ﬁrst case done 6 years ago
but with increasing experience we soon realized that stiff end of
wires are ﬁrstly restricted in manoeuvrability and secondly may
be too damaging if advanced in a wrong direction, and hence areCase 3 Case 4
16 16
3.2 5.1
Retrograde after
antegrade failure
Antegrade
Conquest pro-12 Conquest pro-8–20
Failed parallel wire
switch to retrograde
Single wire
16 16
 mm)
 stents
Palmaz stent (5014 mm) Palmaz stent (4014 mm)
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softer wire helps get a tactile feel of the toughness of the
obstruction and then an appropriate stiffness penetrating CTO
wire can be selected to cross the obstruction. Use of dedicated
coronary CTO wires gives the advantage of a controlled
penetrating force along with better manoeuvrability.  It is
important to check the advancement of the wire in two
orthogonal planes to prevent the illusion of being intra-luminal
in one when actually you may be extra-luminal/sub-intimal in
the other plane.
The few reports available in the literature have used covered
stents while recanalizing such obstructions to cover any
perforation that may result during the procedure. We, however,
succeeded with bare stents without any complications and do
not feel the same to be essential. An optimal size balloon
dilatation is important because the ﬁbro-muscular tissue has
high recoil and suboptimal dilatation may make stent negotia-
tion and deployment difﬁcult as seen in our ﬁrst two cases
during the initial phase of our experience, with stents slipping
and need for multiple stents. A covered sheath could have
prevented stent slippage but was not used in our cases because
of its non-availability at that time in the laboratory. In
the subsequent two cases the site of interruption was optimally
dilated with peripheral balloons and hence stent placement was
also optimal and uneventful. Expertise of the operator in
handling the available hardware is also crucial in determining
the outcome of the procedure.
The parallel wire technique was successful in one of our cases
while it too failed in the other and the approach had to be
changed to retrograde in this case. It is advisable to use both
antegrade and retrograde access as this can give a roadmap
during wire advancement and also provides ﬂexibility of
resorting to the other approach if one approach fails as it
happened in our third case.Conclusion
We conclude that aortic isthmus atresia in adults, although rare,
can be treated percutaneously using coronary CTO interventional
hardware and skills with good success. It is not possible to single
out any one CTO wire for the same but a comprehensive use of
various CTO hardware and techniques available in our armamen-
tarium under guidance of good orthogonal visualization for distal
wire progress help provide success.
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